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INTRODUCTION
In a typical simulation experiment, the analysts try to 
estimate the means of various performance measures, e.g., 
waiting times, operational availability, or life cycle cost.  
However the decision makers are usually more concerned 
with the quantile estimators, or the risk (probability) of the 
measurement falls below (or above) a certain threshold 
point.    For example, the aviation squadron commander is 
more interested in estimating the risk that the operational 
availability (Ao) falls below certain threshold value such as 
the probability that less than 80% of the aircraft are mission-
capable than an average operational availability. In this 
paper we present a methodology to identify significant 
factors that are critical for risk assessment for readiness and 
the life cycle cost.  
CASE STUDY
We develop a hypothetical fighter aircraft, F-XX, acquisition, 
operation and maintenance case and create a companion 
spreadsheet model to estimate the life cycle cost and 
readiness (or operational availability).  The case will be 
briefly described in the next section.  
The Case and the Spreadsheet Model
We plan to acquire a total of 96 new fighter aircraft, F-XX, 
that will be divided into eight squadrons.  The F-XX 
program life cycle is estimated to be 30 years. The manning 
requirements are as follows:  
Pilots and Ground Support Personnel (per squadron):
-! 17 ! Pilots
-! 4 ! Ground Support Officers
-! 16 ! Non-commissioned Officers (NCO)
-!176 ! Enlisted
Headquarters Personnel:
-! 2 ! [CO (commanding officer) and XO (executive 
! ! officer) (both are pilots)]
-! 1 ! Admin Officer (non-pilot)
-! 2 ! NCOs
-! 4 ! Enlisted
The personnel costs are based on the DoD standard 
composite pay that includes standard benefits (housing, 
food, medical, etc. not including re-enlistment bonuses, 
combat pay, etc.).   See http://www.defenselink.mil/ 
comptroller/rates/fy2011/2011_k.pdf. All F-XX personnel 
will require both basic and advanced levels of training. The 
manpower annual turnover rate is estimated to be 20% and 
additional personnel must be trained due to attrition.  The 
cost for non-pilot basic training is estimated to be $2,000/ 
week/person, and advanced training, $3,000/week/person. 
For pilot training, it costs $11,000/week/person for both 
basic and advanced training.  Required training times for 
pilots and ground maintenance personnel, and headquarters 
personnel are as follows:








36 weeks 12 weeks
12 weeks 2 weeks
12 weeks 2 weeks
24 weeks 24 weeks
Headquarters Personnel
! Basic Admin Training (Officers, NCOs, enlisted):! 10 wks
! Advanced Admin Training (Officers and NCOs):!  3 wks
Management of spare parts will be on a  one-for-one 
exchange at the Squadron Level (organizational level or O-
level).  It takes one day to swap the failed component with a 
spare part if available.  Otherwise the aircraft will be 
grounded until an RFI (ready-for-issue) spare part becomes 
available.  An average waiting time for an RFI spare part is 
assumed to be 50% of the depot repair turnaround time.  A 
failed component is sent to the contractor-managed depot 
for repair.  The depot turnaround time is estimated to be 40 
days.  Each aircraft will go through preventive maintenance 
every 5 years which takes an average of 3 months. 
Each squadron’s activity has start-up fixed costs, which are 
incurred at $10,000,000 per activity prior to squadron 
activation.  Additionally, operating variable costs, which are 
estimated at $5,000,000/yr per O-level activity, are incurred 
for each year a squadron is operational.  
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In this study we will consider the 6 major critical 
components as shown in Table 1. The MTBFs (mean time 
between failures) and the unit costs for the components are 
as follows:
Component Name MTBF Unit Cost
Auxiliary Power Unit 250 $100,000
Generator 400 $ 250,000
Radar 1000 $ 400,000
Avionic Computer 1000 $ 500,000
Landing Gear 500 $ 400,000
Engine 500 $ 2,000,000
Table 1. The MTBF and the Unit Cost of the Six Major 
Critical Components for F-XX Aircraft
Each aircraft is expected to fly an average of 40 hours per 
month, and the cost for Petroleum, Oil and Lubricant 
(POL)!  is! estimated to be $2,000 per flying hour. 
Each copy of the F-XX has an average unit cost of $50 
million. Support equipment costs $20,000 per aircraft.  These 
one-time costs are incurred when the F-XXs are phased into 
the squadrons.   The expected salvage value of each aircraft 
at the end of the life cycle is estimated to be $5 million, 10% 
of the procurement unit cost.    An annual capital discount 
rate of 7 is used to compute the present value of the life cycle 
cost. 
We have developed a spreadsheet model to compute the life 
cycle cost and the operational availability of this F-XX case. 
A sample screenshot of the user-interface page of the model 
is shown in Figure 1. 
Figure 1. A Sample Screenshot of the F-XX Life Cycle Cost and 
Readiness Spreadsheet User-Interface Page
The Significant Factors
We consider the six critical components (engine, landing 
gear, avionic computer, aux power unit, radar, and 
generator) as shown in Table 1 for this study.  When any of 
these components fails, the faulty part is removed from the 
aircraft, a spare is installed and the faulty part is sent to the 
repair facility (contractor-managed depot).  After the repair 
is complete, the repaired part becomes a spare and is sent to 
the spare pool.  When a critical part fails, and a spare is not 
available, the aircraft will be non-operational and grounded 
until a spare becomes available.  
We have chosen the following 10 factors to be significant for 
the readiness and life cycle cost of the program.    
• 6 components’ MTBFs (or reliabilities)
• Flight hours (Operational Tempo)
• Cost of POL (Petroleum, Oil and Lubricant)
• Depot maintenance TAT (turnaround time)
• Preventive maintenance TAT (PMTAT) 
The ranges of these 10 factors for the design of experiment 
are provided in Table 2, which include the MTBFs of the 
individual parts, along with the ranges of the cost of POL, 
flight hours (FLHRS), depot turnaround time (DTAT), and 
preventive maintenance (PMTAT) turnaround time.  Since 
the average operational tempo during the peace time is 
approximately 350 hours per year, and during the war time, 
is approximately 650 hours per year, we set the range of the 
operational tempo from 300 to 700 hours per year.  Our 
spreadsheet model estimates the life-cycle cost and the 
average operational availability.  
Input Parameter Range
MTBF1 (aux power unit) 125 – 500 flight hours 
MTBF2 (generator) 200 – 800 flight hours
MTBF3 (radar) 500 – 2,000 flight hours
MTBF4 (avionic computer) 500 -2,000 flight hours
MTBF5 (landing gear) 250 – 1,000 flight hours
MTBF6 (engine) 250 – 1,000 flight hours
POL ($/ flight hour) $1,000 – $4,000
Flight Hours/ month 20 – 80 hours per month
DTAT (Depot turnaround time) 30 – 60 days
PMTAT (preventive maintenance 
turnaround time) 45 – 180 days
Table 2. Ranges of Input Parameters
We use an NOLH (Nearly Orthogonal Latin Hypercube) 
with 257 runs (Cioppa and Lucas 2006).  This design is 
capable of handling up to 29 factors without increasing the 
number of scenarios. It can be easily constructed by entering 
the low and high values in Table 2 into a spreadsheet 
(Sanchez 2006). (We remark that that 10 input factors could 
be examined using a NOLH with as few as 33 scenarios if the 
time required for  257 runs was prohibitively long.)  Because 
our model runs quickly, we opt for a larger design to allow a 
more detailed investigation of our model’s behavior. We 
have developed a macro written in Visual Basic that 
computes the life cycle cost and the operational availability 
for each scenario.  
RESULTS
We fit regression meta-models of the life cycle cost as a 
function of the 10 main effects, and two-way interaction of 
the 10 input factors using the JMP® software package (SAS 
2008).  After noticing the impact on several factors not 
significant we picked 4 significant factors for further 
analysis.  These are ENG (MTBF of engine), POL (cost of 
POL), FLHRS (flight hours), and DTAT (depot turnaround 
time).  Then we fit regression metamodel of the life cycle cost 
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as a function these 4 main effects and two-way interaction of 
these 4 input factors.  The results are shown in Figure 2.  
Figure 2. Sorted Parameter Estimates from 
JMP Analysis for Life Cycle Cost
As shown in Figure 2, the flight hours (FLHRS) and the POL 
cost are the major factors that affect the life cycle cost.  Also 
the two-way interaction between these factors has significant 
impact on life cycle cost.  It is intuitively correct since as the 
POL cost and the flight hours increase at the same time, there 
is an accelerated impact on the increase of the life cycle cost. 
Depot turnaround time (DTAT), engine MTBF (ENG) and 
other two-way interaction factors are not much critical as far 
as the life cycle cost is concerned.  
The interaction plot, shown in Figure 3, consists of several 
small subplots that indicate how the predicted performance 
(LCC) varies as a function of pairs of input factors (ENG, 
POL, FLHRS and DTAT).  It clearly shows how the POL and 
FLHRS are the most significant contributing factors for the 
life cycle cost. 
Figure 3. Interaction Plots
We also conducted the same regression meta-model analysis 
for the operational availability.  PMTAT (preventive 
maintenance turnaround time or RESET) is by far the most 
significant factor as shown in Figure 4.  FLHRS and DTAT 
are also critical factors in determining Ao. As they increase 
the flight hours, Ao deteriorates.  Also as the depot 
turnaround time (DTAT) increases, the more assets would be 
non-operarable and Ao would decrease. Two way interaction 
between these two factors are also significant. All other two 
way interactions are not significant.  
Figure 4. Sorted Parameter Estimates from 
JMP Analysis for Readiness
RISK ASSESSMENT 
Risk assessment discussed in this section is still a   work-in-
progress. We impose the uniform distributions to the 10 
factors with the lower and upper bounds as appeared in the 
right-hand-side column (Range column) in Table 2.  Then we 
use the Crystal Ball® software package (Oracle, 2011) to 
conduct Monte Carlo simulation to estimate the distribution 
of Ao and LCC.  Based on 100,000 simulation replications, 
the simulation results are shown in Figures 5 for Ao and 
Figure 6 for the life cycle cost.  The average Ao is 89.8% with 
the probability that Ao falls below 87% is 0.133 (red area in 
Figure 5). The average life cycle cost is $10.393 billion, with 
the probability that the life cycle cost falls over $11 billion is 
0.196 (red area in Figure 6).  Also see the Base scenario 
column in Table 2.  
Figure 5. A Crystal Ball Simulation Output for the Distribution of 
Operational Availability (Base Scenario)
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Figure 6. A Crystal Ball Output for the Distribution of Life Cycle 
Cost (Base Scenario)
The analyses in the previous section show that preventive 
maintenance turnaround time (PMTAT) is by far the most 
critical factor to Ao, but has no impact on life cycle cost at all. 
(See Figures 4 and 5.) We want to see the impact of 
variability in depot turnaround time on readiness risk.  In 
the previous simulation, uniform distribution with a 
minimum of 45 days and a maximum of 180 days was used 
for PMTAT for the base case. For the embellishment, we 
change the PMTAT to be a constant value of 112.5 days (the 
average of the uniform distribution used in the base 
scenario), i.e., no variability.  We then run Monte Carlo 
simulation again.
Table 2. Simulation Results 
(Base Scenario and Embellishment) 
Figure 7. A Crystal Ball Simulation Output for the 
Distribution of Operational Availability (Embellishment)
The simulation results are summarized in Table 2.  Reducing 
variability in PMTAT significantly reduces the risk of 
operational availability falling below 87%  from 0.133 down 
to 0.026, while the average Ao remains the same at 89.8%. 
As shown in Figure 7, the shape of the distribution of the 
operational availability has drastically changed from Figure 
5. Also the variance of the distribution was substantially 
reduced.  On the other hand, the distribution of the life cycle 
cost in Figure 8 is the same as that in Figure 6 indicating that 
PMTAT does not have any impact on the life cycle cost.
Figure 8. A Crystal Ball Output for the 
Distribution of Life Cycle Cost (Embellishment)
FINAL REMARKS
As mentioned before this paper is a work-in-progress.  We 
will conduct more thorough analysis on risk assessment on 
different factors with wide range of values. The results will 
be published in the follow-up paper.   
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